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Abstract  Background: Studies has shown that the prevalence and incidence of diabetes mellitus varies with type of 

diagnostic criteria used: fasting plasma glucose of ≥ 7 mmol/l or a two hours post prandial glucose of ≥ 11.1 mmol/l or a 

glycated haemoglobin of 6.5%. This mean that the sensitivity and specificity of these parameters may vary. Though the 

diagnostic criteria of FPG and 2HPPG is used independent of the other, the cost of these tests become important and 

significant with regards to choice in resource- constrained setting. Aim: This study is to compare the ability of FPG and 

2HPPG diagnostic criteria in making a diagnosis of diabetes from oral glucose tolerance test (OGTT) results in this resource 

constrained locality. Methods: A retrospective study of OGTT results from the laboratory of a tertiary hospital in southern 

Nigeria. WHO criteria for diagnosing diabetes mellitus using FPG≥ 7mmol/l and/or a 2HPPG ≥ 11.1 mmol/l from each 

subject was compared for sensitivity, specificity and accuracy. This OGTT results were determined using the glucose oxidase 

method to evaluate plasma glucose. Results: 150 subjects were diagnosed diabetic when the FPG was used, while 160 

subjects were diagnosed diabetic when 2HPPG parameter was used. Those that were simultaneously positive for both FPG 

and 2HPPG were 120 and were regarded as the true positives (TP) for the purpose of this study. The sensitivity of both FPG 

and 2HPPG were 58% and 67% respectively while the specificities were both 98%. Conclusion: From this study, it was 

noted that more subjects were diagnosed diabetic using the 2HPPG which also had a higher sensitivity and positive predictive 

value. Therefore, the use of 2HPPG should be encouraged for targeted screening of diabetes mellitus to reduce a false sense of 

security for those who may be misdiagnosed and FPG test used for mass screening of diabetes mellitus to save time. 
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1. Introduction 

The management of diabetes mellitus and its 

complications is fast becoming a major health challenge 

globally [1]. Some complications eventually end in 

amputation of limbs, which, to a reasonable extent, affects 

the patient’s way of life, his economy and the economy of the 

country in general, as work hours are lost through hospital 

admissions and visits [2]. This condition is worsening as the 

world wide incidence and prevalence of diabetes mellitus is 

increasing [3]. Fasting plasma glucose, two hours post 

prandial (2HPP) glucose and glycated haemoglobin (HbA1c) 

can all be used for making diagnosis and managing diabetes. 

This has been made possible with the use of universally 

accepted cut-offs for making diagnosis of diabetes for each  
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of these diagnostic parameters (FPG, 2HPPG and HbA1c). 

The diagnostic criteria for glucose value using the FPG is a 

plasma glucose value equal to or greater than 7.0mmol/l with 

symptoms of diabetes or subjects having this value on two 

different occasions. For 2HPPG, a diagnosis of diabetes 

mellitus can be made with a plasma value greater than 

11.1mmol/l, while a glycated haemoglobin (HbA1c) value 

greater than 6.5% is seen as being diabetic [4]. Of the three 

criteria, fasting plasma glucose is widely used in this part of 

the world and can easily be carried out in every health centre, 

both in rural and urban areas. Unlike the fasting plasma 

glucose, glycated haemoglobin is not widely available 

especially in the rural areas, because it is more expensive and 

requires more specialized and expensive equipment. 

Apart from the non-availability of glycated haemoglobin 

in most rural areas, it is more expensive than the fasting 

plasma glucose and this may have guided health practitioners’ 

preference of FPG or 2HPPG test over glycated haemoglobin 

as the first line screening test. Values of fasting plasma 

glucose and 2- hours post prandial glucose have been shown 

to be affected by subjects’ preparation and time of sample 

collection, [5] apart from the effect race, age and sex have on 
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plasma glucose values. Studies have also shown that the 

prevalence of diabetes mellitus will vary with the diagnostic 

parameter used. This therefore means that the outcome of a 

screening test based on the diagnostic cut offs for FPG and 

2HPPG may vary, even in the same subjects. This has 

therefore made it necessary to compare the diabetes 

diagnostic cut-offs of fasting plasma glucose and 2-hour  
post prandial glucose values of subjects in this 

resource-constrained region, in order to further evaluate the 

preferential use of these diagnostic criteria in our study area. 

2. Methods 

This is a retrospective study of oral glucose tolerance test 

(OGTT) results from the worksheet of the Chemical 

Pathology laboratory of the University of Port Harcourt 

Teaching Hospital in southern Nigeria for a period of six 

months. The glucose oxidase kit by Randox laboratory [6] 

was used to estimate both FPG and 2HPPG values by the 

laboratory. The WHO diabetes diagnostic criteria of ≥ 

7mmol/L for fasting plasma glucose and ≥ 11.1mmol/l for 

2-hour post prandial glucose were compared for each 

individual OGTT result. The percentage of subjects that 

were diagnosed diabetic using the fasting plasma glucose 

alone was noted and those that were diagnosed diabetics 

using only the 2-hour post prandial glucose cut off was also 

noted.  

For the purpose of this study, the number of subjects that 

were positive simultaneously for both FPG and 2HPPG were 

taken as true positives (TP) even though each diagnostic 

criterion is independent of the other. These ‘true positives’ 

were used to calculate sensitivity, specificity and accuracy 

for both FPG and 2HPPG. 

The sensitivity was calculated by dividing the number of 

true positives over the number of both true positives and 

false negatives (FN) for FPG and 2HPPG. The specificity 

was also calculated by dividing the true negatives (TN) with 

both the true negative and the false positives. The positive 

predictive values for both fasting plasma glucose and two 

hours post prandial glucose was also calculated by dividing 

the true positives by both true positives and false positives 

(that is by the total number of positives), while the negative 

predictive value was determined by dividing the true 

negatives by both true negatives and false negatives.  

3. Results 

A total of 3710 oral glucose tolerance test (OGTT) results 

were analysed using EPI Info Version 7. One hundred and 

fifty (150) subjects representing 4% of the total results were 

diagnosed diabetic when their fasting plasma glucose results 

alone was used (fig. 1). When the two hour post prandial 

glucose parameter (2HPP) alone was used, the number of 

subjects that were diagnosed diabetic was one hundred and 

sixty (160) subjects (4.3%) (Fig 2). 

Only one hundred and twenty (120) subjects (3%) were 

classified as diabetic when both the two hours post prandial 

glucose and the fasting plasma glucose parameters were used 

simultaneously (fig 3). For the purpose of this study those 

that were positive for both diagnostic criteria were taken as 

true positive and was therefore used to calculate sensitivity 

and specificity of both FPG and 2HPPG. This re-classified 

the number of positives for FPG into 70 true positives (TP) 

and 80 false positives (FP). The 2HPPG results when 

compared with the outcome of the results of both diagnostic 

parameters gave 80 true positives and 80 false positives (FP) 

(Table 2).  

Table 1.  Results of Glucose Parameters 

 FPG 2HPPG 
COMBINED 

RESULTS 

Male/Female ratio 1702/2008 1702/2008 1702/2008 

Mean age of study 

subjects (years) 
34.6 34.6 34.6 

Total number of 

subjects (n) 
3710 3710 3710 

No of Positives (%) 150 (4%) 160 (4.3%) 120 (3.2%) 

No of Negative (%) 3560 (96%) 3550 (95.7%) 3590 (96.8%) 

 

 

Figure 1.  Outcome of Fasting plasma glucose test 

 

Figure 2.  Outcome of the 2 hours Post test 
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Figure 3.  Outcome of Both Tests  

Table 2.  Evaluation of the sensitivity and specificity of FPG / 2HPPG 
outcomes in comparison with both tests 

 

BOTH TESTS 

POSITIVE NEGATIVE 

FBS   

Positive 70 (TP) 80 (FP) 

Negative 50 (FN) 3510 (TN) 

Post 2-hour test   

Positive 80 (TP) 80 (FP) 

Negative 40 (FN) 3510 (TN) 

TP: True positives, FP: False positives, FN: False Negatives, TN: True 

Negatives 

Evaluation Parameters 

Sensitivity = TP/ (TP+FN)  

Specificity = TN/ (FP+TN) 

Positive Predictive value = TP/ (TP + FP)  

Negative Predictive value = TN/ (TN+FN) 

Table 3.  Comparison of evaluation Parameters of FBS AND Post 2-Hour 
tests 

Metric FPG POST 2-HOUR 

Sensitivity 58% 67% 

Specificity 98% 98% 

Positive Predictive Value 47% 50% 

Negative Predictive Value 99% 99% 

This gave a 58% sensitivity and 98% specificity, 47% 

positive predictive value and 99% negative predictive value 

for the FPG results and a sensitivity of 67%, 98% specificity, 

50% positive predictive value and 99% negative predictive 

value for the 2HPPG.  

4. Discussion 

Diagnosis of diabetes mellitus can be made using fasting 

plasma glucose (FPG) value of ≥7mmol/l or a random 

plasma glucose value of ≥ 11.1mmol/l and/or a 2HPPG value 

≥11.1mmol/l. Where glycated haemoglobin value is used, a 

value ≥ 6.5% is defined as diabetic [4]. Each of these 

diagnostic criteria can be used independent of the others and 

could give different incidence rates of diabetes mellitus as 

seen even in this study. (Table 1) Studies have shown that the 

use of any of these diagnostic criteria influences the 

incidence and prevalence of diabetes mellitus [7]. This was 

observed in a study that looked at prevalence of diabetes 

mellitus using these different diagnostic criteria, where 

different incidence of diabetes mellitus was observed. When 

the 2HPPG criteria was used for diagnosing diabetes, there 

was a slightly higher incidence of diabetes mellitus than with 

the FPG criteria. The incidence of diabetes would again 

change when all those that were positive for both FPG and 

2HPPG were taken as true positives (fig 3). The incidence 

dropped from about 4% for FPG and 4.3% for 2HPPG to 3% 

when both criteria were used simultaneously. (Fig 3) 

Analytical sensitivity which can be defined as the 

probability that a test result would be positive when the 

disease is present [8] was assessed using the results of FPG 

and 2HPPG against the ‘true positives’. Fasting plasma 

glucose test had 58% sensitivity while the 2HPPG had 67% 

sensitivity (table 3). The 2HPPG test was more sensitive for 

diagnosing diabetes mellitus than FPG in this study. Though 

both had the same specificity (98%), which is the probability 

that a test result will be negative when the disease is not there. 

This meant that both the 2HPPG and the FPG test had equal 

ability to be negative when the disease is not there, thus 

reducing the number of false positives and false negative 

results. 

The analytical sensitivity and specificity are a measure of 

diagnostic accuracy [8]. The diagnostic accuracy, therefore, 

was slightly higher for 2HPPG, since both the FPG and the 

2HPPG had about the same specificity but 2HPPG had a 

slightly higher sensitivity (Table 1).  

When considering the analytical accuracy of a test, a 

higher sensitivity and specificity is preferred and this 

therefore infers that the 2HPPG test can be said to have a 

better analytical accuracy than fasting plasma glucose, as 

seen in this study (Table 3). A study showed that more 

patients above 60 years were diagnosed diabetic when the 

2HPPG criterion was used against the glycated haemoglobin 

criterion [9] (Table 1). This was attributed to delayed insulin 

response to glucose load [9]. This could also be a possible 

explanation for the increase diabetes incidence seen with the 

2HPPG in this study. In that study, subjects with body mass 

index (BMI) below 25 were more sensitive to glycated 

haemoglobin than 2HPPG. In this study though the effect of 

age and BMI on the various criteria were not specifically 

evaluated, it could be a possible explanation for the increase 

incidence of diabetes seen with the use of 2HPPG criterion. 

The probability that the disease (diabetes mellitus) is 

present when the test is positive is referred to as the positive 

predictive value of the test [10]. In this study, it was again 

higher for 2HPPG (50%) than FPG (47%). Though a higher 

percentage for the positive predictive value for both tests 

would be preferred, the slightly higher positive predictive 

value for 2HPPG means that 2HPPG test had more true 

positives than FPG, and could therefore be regarded as a 

better screening tool. 

Since both 2HPPG and the FPG tests are used as screening 

test, they are done most times on apparently normal subjects 
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with little or no noticeable symptoms of diabetes. This makes 

diagnosing the disease, most times, the sole responsibility  

of the outcome of these test results and therefore very 

importantly, on the diagnostic accuracy of FPG, 2HPPG test 

and glycated haemoglobin. The diagnostic accuracy for the 

2HPPG in this study was found to be higher than that of FPG 

test. This finding was in keeping with the results of other 

earlier studies, [11,12] which compared the diagnostic 

accuracy of FPG, 2HPPG and glycated haemoglobin and 

observed that glycated haemoglobin had the highest 

diagnostic accuracy and was therefore seen as a better 

screening test, followed by a 2HPPG test. In this part of the 

world, FPG and 2HPPG are readily available and can easily 

be done either with analytical kits or point of care testing 

equipment. The same cannot be said for glycated 

haemoglobin which is not readily available and where 

available, is very expensive. (About 10-15 times the cost of 

FPG). Judging from the economic realities in our 

environment, the use of glycated haemoglobin as a screening 

test may be very financially challenging, as well as being 

relatively unavailable. This has therefore made the use of 

either FPG or 2HPPG still a convenient alternative in this 

region.  

Though there is no consensus amongst professionals 

whether FPG or PPG is a better predictor of glycaemic 

control in resource poor settings when HbA1c is not 

available [11,12]. In this study the 2HPPG had a better 

accuracy level than FPG and this could be because the 

2HPPG test being a dynamic tests, is believed to give a 

picture of the subject’s metabolic response to glucose load 

[13] but it is cumbersome to perform, time consuming and 

slightly more expensive than fasting plasma glucose [14] 

(about twice the cost of FPG). The disadvantages of glycated 

haemoglobin and 2HPPG, coupled with the unfavourable 

economic condition like ours, when weighed against the 

difference in the accuracy levels of fasting plasma glucose 

and 2HPPG tests in this study, may make the choice of which 

diagnostic parameter to use a difficult choice in our 

environment.  

5. Conclusions 

The results of this study suggest that the 2HPPG may be a 

more accurate screening tool for diabetes mellitus than FPG. 

Therefore, the use of 2HPPG should be encouraged for 

targeted screening of diabetes mellitus as this will reduce a 

false sense of security for those who may have been 

misdiagnosed using the FPG. In order to strike a balance 

with regards to affordability of test, the turnaround time of 

test and diagnostic accuracy, FPG test may be used for mass 

screening of diabetes mellitus. 
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